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THE INFLUENCE OF SURFACES MODIFIED BY DIFFERENT POLYMERIC SUBSTANCES
ON THE GROWTH OF MOUSE EMBRYONIC FIBROBLASTS CELL LINE NIH3T3
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38 Stusa str., Lviv 79034, Ukraine

Cultivating cells on synthetic surfaces has ensured the most approximated to in vivo conditions, cell growth,
migration, differentiation, synthesis of the extracellular matrix components. Cell proliferation and viability are affected
by surface chemical and phase composition, surface conformation, surface morphology and specific chemical groups
on the surface of the scaffold. In our study, we investigated the effects of modified nanosurfaces, a grafied by polymeric
of dextran, APTES and albumin on the proliferation and metabilitic activity of the cells-fibroblasts of NIH3T3 line.

For experiments, NIH3T3 cell line was cultured in medium RPMI 1640 with 10 % FCS, 1 % penicillin-
streptomycin in 5 % CO, at 37 °C for 72 hours. Cells were seeded at the glass plates, which modified nano-
layers in various combinations: Glass/APTES, Glass/APTES/dextran, Glass/APTES/albumin, Glass/albumin,
Glass/APTES/dextran/albumin; control group — clean glass. During the study the intensity of proliferative
growth of NIH3T3 cell line and its viability to form a monolayer was determined by Trypan blue staining after
every 24 h of incubation. For investigation of the metabolic cell parameters (lactate dehydrogenase (LDH)
activity, glucose concentration culture medium was collected after 24, 48 and 72 hours of cultivation.

The result indicate that surfaces modified by albumin, APTES/albumin and APTES/dextran/albumin
showed a higher proliferative effect on NIH3T3 cell line compared to the surface “native glass” (control group)
at 24 hours of cultivation. Surfaces enclosing APTES and mixed APTES/dextran assume a higher viability and
metabolic activity of the culture in terms of the activity of LDH and glucose concentration at 48 hours of culti-
vation. After 72 hours of cultivation, the intensity of cell proliferative growth was seen only in APTES/dextran
surface, while in other research groups cells concentration was at the level of the control group.

Obtained results have shown that the glass surface modified with grafted nanolayers of APTES, dextran
and albumin is nontoxic and can be used for cultivation of cells.

Keywords: CELL CULTURE, PROLIFERATIVE ACTIVITY, SURFACE, NANOLAYERS,
APTES, DEXTRAN, ALBUMIN, CYTOTOXICITY

BIIJIMB IOBEPXOHb, MOJIN®IKOBAHUX PI3HUMMU INOJIIMEPAMM,
HA PICT KJIITUH ®IBPOBJIACTIB MUIIII JITHIT NIH3T3
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Kynemuegyeannsa kynemyp Kaimun Ha CUHMEMUYHUX NOBEPXHAX 00380JAE 3a0e3nedumu ONMUMAailbHO
HAOMUIICEHT 00 YMO8 In VIVO, Cnpusie pocmy KIimuH, ix miepayii, oupepenyiayii ma ¢hopmysaHHo MidCKAIMUHHOZ0
mampurcy. Ximiunui ma ¢pasosuil Ckaao no8epxous, ix Mopgonozis, KoHpopmayis npuwenienux MaKkpoMoLexy
HA NOBEPXHI — Y e 201106HI hakxmopu, sKI pe2yroioms picm KAimuH Ha noeepxHi i ixui ¢hynryii. Memoro nawux oo-
cidoicenb 010 GUBUEHHS 6NIUBY HAHONOBEPXOHb, MOOUuixosanux nonimepamu APTES, oexcmpan ma anvOymin,
Ha nponighepamusry ma MmemaooniuHy akmuericms Kiimur ¢iopoonacmis ninii NIH3T3.

Y 0ocnioocenni suxopucmosysanu kuimunu ninii NIH3T3, sxi Kyiemugyeanu Ha NONCUBHOMY CEPe008UUL
RPMI 1640 3 0ooasannsm 10 % ETC, 1 % neniyuniny ma cmpenmomiyury 6 ammocgepi 3 emicmom 5 % CO,
3a 37 °C enpoooedc 72 200un. Knimunu eucisanu Ha cxenvys, MOOUDIKOBAHI HAHOWAPAMU Y PISHUX KOMOTHAYISX!
ckno/APTES,; ckno/APTES/Oexcmpan; ckno/APTES/anvbymin, cxno/anwoymin, ckno/APTES/Oexcmpan/anvOymin,
KOHMPONbHA 2PYna — dYucme CKJO.

Iponighepamusnuil picm ma scummezdamuicms Kynomypu kiimun NIH3T3 oyintosanu niopaxyHxom
KLIbKOCMI KIIMUH KoJcHi 24 200unu. J{is 6ueuerHs MemadoiiuHux napamempie KiimuH 6iooupaiu KoHOuyiiiHe
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cepedosuuye uepes 24, 48 ma 72 200unu Kyiomugysanis 0Jisk 6USHAUEHHS. AKMUGHOCME TaKmamaoe2iopocenasu
(JIAT') i konyenmpayii enoxosu.

TlopisHano 3 nosepxuero ckia (KOHMPoOabHA SPynNa), Ha 24-y 200UHY KYIbMUBYBAHHS CNOCMEPI2dIOCh
3HA4He 3POCMAaHHs npoaighepayii Kiimun Ha NOGEPXHsX, Mooupikosanux arboyminom, APTES/anvoyminom
ma APTES/0excmpan/anvOyminom, mooi sx Ha 48-y 200uny xyiemugysanus na Hanonokpummsx 3 APTES ma
APTES/0excmpanom cnpusie HAueuwyiil JCumme30amuocmi i MemaOoniutitl akmueHOCmi Kyibmypu KAimuH 3a
noxasnuxamu JI{I" ma pisnem enoxozu. Bucoxa inmencusnicmo nponigpepamuenozo pocmy na 72-y 200uny cno-
cmepieanacst minoKu 3a Kynemugyeanhs Ha nosepxui APTES/Oexcmpun, mooi sik 6 iHuux 00CIioNCy8aHux epynax
KIIbKICMb KAimuH 0V1a Ha PieHi KOHMPOIbHOL 2pyni.

Ompumani pe3yiomamu NOKA3au, Wo 00CIIONCY8aHi HaHonosepxii, moougixosani APTES, dexcmparom
ma anbOYMIHOM, € HEMOKCUYHUMU [ MOJICYIb OYMU GUKOPUCTNAHT 0151 KYIbIMUBYSAHHS KITMUH.

Kurouosi caoBa: KYJIBTYPA KJIITUH, ITPOJIIOEPALLA, IIOKPUTTA, APTES, HAHO-
INOBEPXHI, AEKCTPAH, AJIbbYMIH, IUTOTOKCHUYHICTbH

BILTMSTHUE MTOKPBITUIA, MOAU®UIITPOBAHHBIX PA3IMUHBIMUA ITOJIMMEPAMM,
HA POCT KJIETOK ®UBEPOBJIACTA MBIIIEW JINHAW NIH3T3

O. llImanenxo
shtapenko31@gmail.com

WNuctutyTt 6uonorun xuBoTHEIX HAAH,
yi. B.Cryca, 38, 1. JIsBoB, 79034, Ykpauna

Kynomusuposarnus Kynvmyp Kiemok Ha CUHMEMU4ecKUx no8epXHOCMsX No360Jaen obecnedums Ycioeus
ONMUMANbHbIE K i1 VIVO, YUMo CHOcobcmayem pocny Kiemok, ux muepayuu, ouggepenyuayuu u popmuposanuio
MENHCOYKIENMOUHO020 MAMPUKCA. XuMuyecKutl U hazoswlii cocmaes nogepxHocmelti, ux Mopgonozus, Kongopma-
Yusi MAKPOMONEKYIL AGNAIOMCA 2LAGHIMU (DAKMOPAMU, KOMOpble pe2yiupyrom pocm KilemoK Ha NO8EPXHOCTU
u ux Ghynryuu. Llenvro nawux ucciedosanutl GbL10 usyueHue eIUAHUA HAHONOBEPXHOCMEL, MOOUDUYUPOBAHHBIX NOU-
mepamu APTES, oexcmpan u aneOymun, na nponupepamusHyro u memadoruyeckyro akmueHoCmy Kiemox gpuopo-
onracmos aunuu NIH3T3.

s uccnedosanuii ucnonvzosanu kiemxu aunuu NIH3 T3, komopbie Kymbmuuposani 6 numameibHoll cpe-
0e RPMI 1640 3 0o6asnenuem 10 % ICT, 1 % nenuyunnuna u cmpenmomuyuna 6 ammocgepe ¢ cooepacaruem 5 %
CO, npu 37 °C 6 meuenue 72 uacoe. Knemxku evicesanu na cmexia, MoOUGUYUPOSanHbvle HAHOCIOAMU 6 PAZIUYHBIX
komounayusix. cmexno/APTES,; Cmexno/APTES/Oexcmpan, cmexno/APTES/anvoymun, cmexkio/aneOymun,; cmex-
10/APTES/0excmpan/anbbymun,; KOHMPoabHas 2pynna — uucmoe cmexio. Ilponugpepamusnsuiii pocm u dicusme-
cnocobrnocmu Kyibmypul kiemox NIH3T3 oyenusanu noocuemom Konuuecmea Kiemox Kasicovle 24 waca nymem
noocuema KoI4ecmed Kiemox nocjie OKpacKu mpunaHo8biM CUHUM. [[is u3yueHus Memabonuyeckol akmusHOCmu
KIemox omoupanu KOHOUYUOHHYIO cpedy uepes 24, 48 u 72 uaca Kyriomusuposanust 0isi onpeoeneHust AakmueHOCHmu
aaxkmamoezuopocenasvl (JIAI) u konyenmpayuu 2nioKo3si.

Ilpu cpasnenuu ¢ NOBEPXHOCMbIO YUCIO20 CMEKIA (KOHMPOIbHAS 2PYANA) HAOII0OANCA SHAUUMENbHbIU
nponuphepamusHvlil pOCm Kiemok Ha NO8epXHOCX, Mooupuyuposanivix arboymunom, APTES/ane6ymunom
u APTES/Oexcmpan/aneoymunom na 24 waca xynmomusuposanus. Kynemusuposanue na nanonoxkpoimusx ¢ APTES
u APTES/0excmpanom 6 meuenuu 48 uacos cnocobcmaeyent 8b1COKOU JHCUZHECNOCOOHOCIU U MeMAadOIUYeCcKOl
AKMUBHOCMU K)JIbIMYPbl K1emoK no nokazamensim JII u yposHuio anokosvl. Beicokas unmencusnocms nponuge-
pamusnozo pocma Ha 72 waca Habnodanack moabko npu Kyibmusuposanuu na nogepxnocmu APTES/0excmpun,
mo2oa KaxK 8 Opyeux ucciedyembvlx epynnax Kouyecmeo Kiemok Ovlia Ha YpoeHe KOHMPOIbHOU epYNnbl.

Honyuennvle pe3ynbmamosl YKa3vl8arom Ha OMCYMCmeue moKCU4HOCMU HAHONOKPbIMULL, MOOUuyu-
posannvix APTES, Oexcmpanom anbOyMurHom, cie008amenbHo, dmiu HOKPbIMuUs MO2Ym 0binb UCHONb308AHbI
0715 KYIbMUBUPOBAHUSL KILEMOK.

Kirouesie ciioa: KVJIBTYPA KJIETOK, ITPOJIM®EPALVSA, ITOKPBITHA, APTES, HAHO-
I[NOBEPXHOCTH, AEKCTPAH, AJIbbYMUH, IUTOTOKCNYHOCTD

Cell-based assays are an important element sive animal testing. To date, the majority of cell-
of the cytotoxicity discovery process the cellular based assays use two-dimensional (2D) monolayer
responses to compounds and to avoid cost-inten- cells cultured on flat substrates. But the cells in the
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in vivo environment are surrounded by other cells
and extracellular matrix (ECM) in a three-dimen-
sional (3D) fashion, 2D cell culture does not take
into account the natural environment of cells [2].
Therefore, it is to develop in vitro cell-based sys-
tems that can more realistically show the in vivo
cell behaviors and provide more predictable results
to in vivo tests.

Cell adhesion is depended by surface hy-
drophilicity, surface charge density, surface mor-
phology, specific chemical groups present on the
surface of the scaffold [3]. Nanolayers surface
properties regulate cell growth, migration, dif-
ferentiation, synthesis of the extracellular matrix
components [7, 14]. Given that surface chemistry
is crucial for the biocompatibility of the nanolay-
ers, specific surface modifications are used with
different polymers [8, 12].

In particular, there is an increased interest
in the polymeric surfaces which can change their
affinity towards proteins and cells under external
stimuli [1, 9] and therefore have potential applica-
tions in biology and medicine. From conditions to
the surface modification for direct cellular adhe-
sion and growth are chemical surface modification
[4, 10], topographical surface modifications [5].

Despite various investigations, specific and
complex mechanisms govern the reactions that
occur between the biomaterial and the cellular en-
vironment are still incomplete understanding.

Cultivation of cell cultures on synthetic
surfaces ensures optimum to iz vivo conditions and
all further processes of differentiation, proliferation
and formation of extracellular matrix [6]. In previ-
ous works [13] it was shown that in terms of bioen-
gineering is surface modified amino-contained sub-
stances, polysaccharides and proteins. But methods
of investigations of effects of the biocompatible
and smart bioactive surfaces on cells are still not
fully developed. For these studies cell viability tests
with counted a quantity of the living cells and also
their proliferation index are usually applied.

Material and methods

Preparation of surface-modified glasses.
Glass plates were dipped into 0.2 % (w/w) metha-
nolic solution of (3-aminopropyl)triethoxysilane
(APTES) for 24 h. After the incubation, loosely-
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attached silane molecules were removed with
methanol in Soxhlet’s apparatus. With participation
of these aminogroups dialdehydedextran obtained
by partial oxidation of the anhydroglucopyranoside
subunits of dextran by periodate acid was cova-
lently grafted to the surface of the modified glass
plates. The oxidation of dextran was conducted
during 2 h, and then the plates functionalized with
amino-terminated APTES were dipped into 2 %
solution of dialdehydedextran in water for a graft-
ing time of 6 h. Similarly, loosely-attached dialde-
hydedextran was removed with water in Soxhlet’s
apparatus during 4 h. As a result dialdehydedextran
grafted to aminated surfaces were obtained.

After modification procedure all groups
of samples were dipped in bovine serum albumin
(BSA) phosphate-citric buffer solution (pH=7,4;
BSA — 0.2 mg/ml and adsorption time — 2 h). Ob-
tained surfaces were characterized by Ohar M. [11].
For simplification of the presentation, every type
of the samples was arbitrary notated as number
of the study group (SG).

Cell and culture conditions. Cell culture
media and supplement were purchased from
Sigma (USA); all other chemicals and reagents
were purchased from GIBCO-BRL (Gaithersburg,
MD) and Fluka (Germany). For experiments,
the NIH 3T3 mouse embryonic fibroblast cells
(ATCC® CRL-1658) was used. The NIH 3T3
cells were cultured in RPMI 1640 culture medium
with 10 % fetal calf serum (FBS) and 100 mg/ml
penicillin-streptomycin (P/S) in a humidified atmo-
sphere 5 % CO, 95 % air at 37 °C for 72 hours.
Cells (0.1x10° cells/ml) were seeded onto surface-
modified glasses in the following order:

Glass (control);

Glass/APTES;

Glass/APTES/dextran;

Glass/APTES/albumin;

Glass/albumin;

Glass/APTES/dextran/albumin.

Cell proliferation evaluation. The viabili-
ty of cells was determined by the Trypan blue stain-
ing method. Cells were selected every 24 hours.
The cells were washed with phosphate-buffered sa-
line and stained with Trypan blue (final concentra-
tion of the dye 0.4 %). Number of living (unfilled)
and dead (filled) cells were counted in the Goryaev
camera using light microscope. For investigation of
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the metabolic cell parameters (lactate dehydroge-
nase activity, glucose content) culture medium was
collected after 24, 48 and 72 hours of cultivation.

Lactate dehydrohenase (LDH) assay.
Medium supernatants collected from both experi-
mental and control cells every 24 h were tested
for LDH activity using Cytotoxicity Detection kit
LDH (Roche). This test is a colorimetric assay for
the quantification of cell death and cell lysis based
on the measurement of LDH activity released
from the cytosol of damaged cells into the super-
natant. The amount of enzyme activity detected
in the culture supernatant correlates with the pro-
portion of lysed cells. The assays were conducted
following the manufacturer’s instructions, in flat-
bottomed wells of 96-well plates. Following incu-
bation, the absorbance of samples was measured
using an ELISA plate.

Evaluation of cytotoxicity using the
MTT assay. The MTT assay was used to assess
the in vitro cytotoxicity of surface-modified glasses
in this study. A quantitative colorimetric MTT test
was performed after 3 days of culture to character-
ize cellular metabolism (vitality) and, by implica-
tion, proliferation. The MTT solution (0.5 mg/ml)
was added to each well 3 h prior to the end of the
experiment. After the incubation period in the dish
was added dimethylsulfoxide to dissolve the purple
formazan crystals that formed as a result of the res-
toration of MTT reagent-reductase living cells. The
concentration of formazan in the wells was deter-
mined by spectrophotometric method for device
“Plate Reader BioTek” (USA) by optical absor-
bance at a wavelength of 490 nm. Number of living
cells (in percentage) was determined by the ratio of
optical in which the cells were incubated for study
and control mediums.

Glucose uptake assay. Glucose levels
in conditioned media were determined at 24, 48,
and 72 hours after cultivation oviduct cells using
a glucose assay kit (Roche) by spectrophotometri-
cally measuring the absorbance at 630 nm.

Statistical analysis. Tests were repeated
three times for every type of the samples. The re-
sults were presented as mean + standard deviation.
Differences between groups were determined by
Student #-tests.

Results and discussion

The influence of the surface nature on the
proliferative growth of NIH3T3 cells was investi-
gated. Table demonstrates the growth of NITH3T3
cells on different nanolayers during 72 hours of
cultivation.

The results of our investigate show that
proliferative activity of NIH3T3 cells were sig-
nificantly higher in experimental groups with AP-
TES/albumin (P<0.05), albumin (P<0.001) and
APTES/dextran/albumin (P<0.001) at 24 hour
and were similar at 48 and 72 hours compared to
controls. Improved viability and proliferation of
the NIH3T3 cells was observed after cultivation
on APTES and APTES/dextran nanolayers during
48 and 72 h compared to control and other experi-
mental groups. Since cells proliferation responds
to the surfaces, it could be concluded that the ste-
reochemistry of the polymers used for preparation
of surface-modified glasses greatly influences the
cell growth and survival.

To confirm the viability and functional
activity of embryonic fibroblasts cells under culti-
vation on different nanolayers we investigated of
LDH levels. Thus, samples were collected from

Table
Proliferative growth of NIH3T3 cells on the modified surfaces during 72 h of cultivation (M£SD, n=3)
Experimentals groups The cells concentration after culturing, ml/sm?
24 hours 48 hours 72 hours
Control (glass) 1.27+0.01 1.80+0.03 1.81+0.07
Glass / APTES 1.33+0.15 2.6540.09%** 2.15+0.03
Glass / APTES / dextran 1.27+0.03 2.8940.06%** 2.53+0.02%**
Glass / APTES / albumin 1.46£0.01%** 2.1940.06%** 1.85+0.05
Glass / albumin 1.714£0.01%%* 1.85+0.02 1.85+0.08
Glass / APTES / dextran / albumin 2.040.03%*** 1.89+0.07 1.80+0.04

Note: * — P<0.05; ** — P<0.01; *** — P<0.001 compared to the control.
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the medium of all experimental groups and con-
trol cultures at various time intervals. LDH activ-
ity in all groups was approximately the same as
at the beginning of the experiment (fig. 1).

From with the increasing of cultivation
time, LDH activity was changed differently for
each group. The concentrations of LDH de-
creased significantly in experimental groups with
APTES/albumin (P<0.01), albumin (P<0.05) and
APTES/dextran/albumin (P<0.001). As opposed,
in group with APTES the level of LDH was sig-
nificantly higher (P<0.05) at 48 hour, compared
to the control. Low lactate dehydrogenase activity
was observed in the control group and all experi-
mental groups at 72 h of cultivation, which coin-
cides with the growth of the proliferative activity
of cells in these groups and high cell viability.

Evaluation of glucose uptake is crucial in
the study of cell viability and numerous metabol-
ic disorders. A decrease in glucose concentration
during the period of cultivation (fig. 2) was ob-
served for control and all experimental groups.

However, the dynamics of change of glu-
cose in the cultural medium was different for each
experimental group. Thus, in group with APTES/
dextran/albumin the glucose contents was signifi-
cantly lower (P<0.001) at 48 h and 72 h of cultiva-
tion compared to the control and other experimen-
tal groups that indicating the use of glucose as an
energy substrate at an elevated level of biosynthetic
processes in cells. At the same time, the glucose
concentration was significantly higher in groups
with APTES (P<0.05) and APTES in combination
with albumin (P<0.01) than in control indicating
about the low intensity of glucose consumption
during incubation period. Our results showed that
the nature of surface has regular influence on cel-
lular metabolism.

Biocompatibility and functional impact
of modified surfaces were studied in vitro using
MTT assay. In fig. 3 the data of obtained results of
MTT absorbance value for cells after cultivation
onto different nanolayers are represented.

The cell viability in experimental group
with APTES/dextran was the highest at 24 h but
showed lower viability rate during cultivation
from 48 to 72 h in comparison to other groups.
The MTT assay showed 72—114 % of viability
to NIH3T3 cells exposed to all nanolayers eva-
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luated. The absorbance values in experimental
groups with APTES/albumin and APTES/dex-
tran/albumin increased to 93.1 % and 97.1 % at
72 h compared to other groups although cell viabi-
lity in experimental group with APTES/ albumin
was similar during 24—72 h of cultivation while
in group with APTES/dextran/albumin decreased.
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Fig. 1. LDH activity in culture medium after cultivation
of NIH3T3 cells on different nanolayers during 72 h
(M*SD, n=3)
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Fig. 2. Effect of different nanolayers on glucose
concentration in conditioned medium of NIH3T3 cells
after 72 hours of cultivation (M+SD).
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nanolayers after 72 h incubation. The cytotoxicity was
determined by MTT assay as the percentage
of experimental cells compared with control
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Conclusions

The different nanostructured layers were
created by grafting of APTES, dextran and albu-
min on glass surfaces. The effect of those nano-
layers was studied in terms of change cell viabi-
lity and morphology of NIH3T3 cell line under
cultivation in vitro. The results showed that all
glass surfaces modified with grafted nanolayers
of APTES, dextran and albumin are nontoxic and
can be used for cultivation of cells. It was found
out that modification of the surface by APTES
and APTES/dextran leads to improving the via-
bility and proliferation of NIH3/T3 cell line.

Prospects for further research. Evalu-
ation of the effect of nanolayers on the frequency
of the apoptosis in NIH3T3 cell line culture using
specific fluorescent staining dyes will be studied.
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